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Electron microscopic observations of flagella and 
cilia have indicated a constancy in the number of 
peripheral  and axial fibrils seen in cross-sections 
(1-3) and a variability in the structure and form 
of  the  basal  bodies  and  accessory  structures  in 
different  organisms  (4-8,  17). During  recent 
electron microscope studies of plastids in colorless 
flagellates (9), observations were made of an addi- 
tional structural component in cross-sections of the 
flagellar bases of Polytoma obtusum and P. uvella (10). 
Bacteria-free cultures of P.  obtusum (L791)  and 
P. uvella (L19) from the Culture Collection of Algae 
at  Indiana University (11)  were  grown in flasks 
containing 125 ml of Polytomella medium (12)  at 
20  4-  1  °C. Harvesting by low speed centrifugation 
after 2 to 3 days of growth was followed by fixation 
in buffered  1 per cent osmium tetroxide and em- 
bedding in a  mixture of Araldite and  Epon 812 
(H.  H.  Mollenhauer,  unpublished).  Ultrathin 
sections were cut and examined in the usual man- 
ner in an RCA EMU-3D. 
Cross-sections  of the  2 flagellar  shafts  of these 
colorless,  unicellular members of the  Chlamydo- 
monadaceae show  the  typical 9  +  2  pattern of 
fibrils  embedded  in  an  apparently  structureless 
matrix, the whole enclosed in a trilaminar sheath. 
Each of the 9  peripheral fibrils is composed of 2 
tubular subfibrils as  is commonly found in plant 
and  animal cilia or  flagella.  In cross-sections  of 
the flagellar shaft immediately distal to the basal 
body, the 2 central fibrils are missing. The exact 
point of the basal termination of the central fibrils 
is not so clear in this material as in other flagellates 
(13),  but in longitudinal sections the 9 peripheral 
fibrils are seen to continue into the anterior cyto- 
plasm as the basal body. As yet, the possible triple 
form  of  the  fibrils  comprising  the  basal  body 
comparable to  that  of Pseudotrichonympha (8)  and 
other forms has not been clearly seen in Polytoma. 
The basal body of 1 flagellum is connected to that 
of the other by a  broad fibril with periodic stria- 
tions  which  arches  across  the  anterior  papilla 
(Fig. 4), as described previously in Polytoma (9). 
A few favorable cross-sections  of the transition 
region between the  flagellar shaft  and  the  basal 
body indicate the presence of what appears to be 
a complex pattern of thin fibrils (about 90 A wide) 
interconnecting the 9 peripheral fibrils.  The pat- 
tern is a  9-pointed star in which each star point 
contacts 1 subfibril of each peripheral fibril (Figs. 
l and 2). The connections  forming the star contact 
alternate  peripheral  fibrils  so  that  subfibril  A 
(arbitrary  designation)  of  peripheral  fibril  I 
(arbitrary designation) is connected with subfibril 
A of peripheral fibril 3; similarly, 2-4, 3-5, 4-6, 5-7, 
6-8,  7-9, 8-1,  9-2.  It is possible,  for example, that 
the connection between peripheral fibrils 1 and 3 
is  continuous with  the  connection between  the 
second and fourth peripheral fibrils at the point of 
intersection. This pattern is more elaborate than 
the "pin-wheel" found in the basal body itself by 
Noirot-Timothefi  (14)  and  Gibbons  and  Grim- 
stone  (8).  Directly  opposite  each  star  point,  a 
dense  thickening  appears  in  the  connections. 
Gibbons and  Glimstone  (8)  interpreted  similar 
dots as representing cross-sections of another set of 
thin longitudinal fibrils.  The 2 central fibrils are 
absent at this level, thus leaving the central region 
of the 9-pointed star devoid of structure. Further- 
more,  in  this  material  there  is  an indication of 
attachment of each  of the  9  peripheral fibrils to 
the flagellar sheath in the form of electron-opaque, 
pyramid-shaped structures (Figs.  1 and 2). 
Longitudinal sections  of  these  flagellar  bases 
631 reveal  the  presence  of  a  cylinder  approximately 
200 m# in length immediately internal  to the pe- 
ripheral fibrils in the transition region (Figs. 3 and 
4).  This cylinder has a  submedian diaphragm and 
occurs  below  the  termination  of the  axial  fibrils. 
The ~elative frequency with which the star-shaped 
complex is encountered  in cross-sections militates 
against  the  possibility  that  it  represents  a  cross- 
sectional  view  of  the  diaphragm  which  is  only 
approximately 25 m# thick. Therefore, it is postu- 
lated  that  the  cylinder  represents  a  longitudinal 
view of a  hollow column  whose  perimeter  has  9 
points,  each  adjoining  1 subfibril  of all  of the  9 
peripheral  fibrils.  Longitudinal  sections  show  the 
star-shaped  complex in  the  form  of sheets rather 
than  individual  fibrils  as  is  suggested  by  cross 
sections. 
The  functional  significance  of  the  star-shaped 
complex can  only be  a  matter  for speculation  at 
the present.  It would be an attractive idea to con- 
sider this structure in terms of impulse conduction 
to successive fibrils. Such impulses in these organ- 
isms could be transferred from one flagellum to the 
other by way of the broad anterior fibril connection 
between the basal bodies. Subsequent transmission 
of the  impulses  could  then  pass  to the individual 
peripheral fibrils through the star-shaped complex. 
The  order  of  contraction  of fibrils  suggested  by 
Brad field  (15)  would  lead  to  the  2-dimensional 
pendular  movements  of  cilia.  Another  order  of 
contraction,  perhaps  in  one  direction,  could lead 
to  the  undulatory  or  helical  motions  of  flagella 
ascribed  to  organisms  such  as  Polytoma.  It  is  in- 
teresting  to  note,  in  connection  with  Bradfield's 
hypothesis  of  the  mechanism  of  ciliary  motion, 
that in Polytoma the 2 central fibrils are not present 
at the point of interconnection of the 9 peripheral 
fibrils. 
The interpretation of the relation of the patteIn 
of  fibril  connection  to  the  movements  of  the 
flagella is  made difficult by the lack of cinemato- 
graphic studies on the mode of flagellar beat and 
synchrony in these organisms. The recent studies of 
Brokaw (16)  on the movements of isolated flagella 
of P. uvella treated with ATP do not indicate pre- 
cisely how much of a flagellum is present.  It would 
be of interest to determine whether the star-shaped 
complex is included in the isolated flagella. How- 
ever,  the  importance  and  possible  wide-spread 
occurrence of star-shaped  complexes are indicated 
by the recent discoveries of identical structures  in 
Chlamydomonas reinhardi  by  D.  L.  Ringo  (personal 
communication),  in  Equisetum  sperm  by  F.  R. 
Turner  (personal  communication),  and  in  Eudo- 
rina elegans (Lang, unpublished). 
The  possibility also  exists  that  these  structural 
complexes  have  no  functional  significance  in 
flagellar  beat.  As  stated  by  Fawcett  (17),  "The 
microscopist can only define the components of the 
ciliary  apparatus  and  describe  their  spatial  rela- 
FIGURE 1  Cross-section  of the transition region of a flagellum of Polytoma obtusum show- 
ing the 9 peripheral fibrils  (pf) interconnected by a  complex in the form of a  9-pointed 
star.  The dense median thickening in the base of each star  point is  indicated  (arrow). 
Connections appear to join the same subfibril of alternate peripheral fibrils. Fixation with 
1 per cent OsO,, pH 7.~, 1 hour, 4-6°C, stained with ~ per cent Ba(Mn04)2.  Approximately 
X  1~5,000. 
FIGURE ~  The flagellum with a trilaminar sheath (fs) protrudes through a deep invagina- 
tion of the cell wall (cw). The 9-pointed, star-shaped complex is apparent. The attachment 
of each of the 9 peripheral fibrils  to the flagellar sheath in the form of a dense,  pyramid- 
shaped structure is faintly suggested. Polytoma obtusura fixed with 1 per cent OsO4, pH 7.~, 
1 hour, 4-6°C, stained with £ per cent Ba(MnOt)e. Approximately )< 1~5,000. 
I~GURE 3  A longitudinal section of the flagellar bases in P. obtusum shows a cylinder (cy) 
inside  the peripheral  fibrils  in  the transition  region.  The  cylinder has  a  submedian  di- 
aphragm extending across the flagellum.  Fixation with 1 per cent OsOa, pH 7.~,  1 hour, 
4-6°C, stained with 6 per cent Ba(MnO4)2. Approximately X  54,000. 
Fmvn~ 4  A broad fibril (bc) with periodic striations arches across  the anterior papilla 
(p)  and connects the basal bodies (bb) of the ~ flagella  in P. obtusum.  The cylinder (ey) 
with its submedian diaphragm is apparent in the lower flagellum.  Fixation with 1 per cent 
OsOa, pH 7.~, 1 hour, 4-6°C, stained with ~ per cent Ba(MnO4)2. Approximately )< 47,000. 
632  B  R  I  E  F  N  O  T  E  S B  R  I  E  F  ~  O  T  E  S  633 tions. The ultimate explanation of their mechanism 
of  action  lies  in  the  chemistry  of  those  com- 
ponents." 
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